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[ABSTRACT] Atherosclerosis creates a hypoxic microenvironment that activates hypoxia-inducible factor-la. ( HIF-
la).  This factor promotes pathological angiogenesis via vascular endothelial growth factor (VEGF) induction, increasing
plaque vulnerability, while simultaneously exacerbating inflammation through metabolic reprogramming of macrophages, en-
hanced NOD-like receptor protein 3 ( NLRP3) inflammasome activity ( driving interleukin-18 (IL-13) maturation), and
M1 polarization.  In vascular smooth muscle cells, HIF-1a stimulates proliferation, migration, and osteogenic differentia-
tion via VEGF autocrine signaling, macrophage migration inhibitory factor ( MIF), and solute carrier family 3 member 2
(SLC3A2) pathways, accelerating vascular calcification.  In vascular endothelial cell, HIF-1a amplifies oxidative stress
by enhancing monocyte adhesion and forming a feedback loop with nuclear factor-kB ( NF-kB) , further disrupting endothe-
lial homeostasis.  This paper summarizes that HIF-1ow promotes plaque instability and thrombotic risk by coordinating an-
glogenesis, inflammatory amplification and cellular phenotype transformation, which provides a molecular theoretical basis
for targeted intervention.
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smooth muscle cell; angiogenesis
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S LA A2 ( vascular smooth muscle cell, VSMC )
M/ NREER R R £S5 H 1 As 2O JUE
BE Bt Il O AL R 2 v 45O 1L A8 5 ( cardio-
vascular disease, CVD) ¥ EEYR A | 8 G FE N4
ot

TE As BEHLN | 1 T IS PN B D) RE R b P A AE 134
P JR R AR, AL IO 4GS AT Tac(hy-
poxia inducible factor-lac, HIF-1a) {5 S0 . 7F As
ML AR R HIF-1o 23 SR AE T HIF-1a
—J7 ThI A 5 T IS P B AR K BT (vascular endo-
thelial growth factor, VEGF) S5 .45 A= i A 73R 35,
e S BT P o B I A8 R, 1 SR B i 555 7 5 S
— 7 THI3E i VA A0 B A g R TR
JCLA R SR LS L, I i i 5 B 2R S 5z oy AR
BEBTUUAR , XA SR B 1Y o IR 28 5 As B
it Jie K T e 2 VIR OGRS RTS8 i AR A

1 BIBKREEREAL B & R L I

TEFEAs FIARZ H R, S EZ A2 S
SEEFRAE™S . EMEANAE R As 7 PR R B R
SEAAE , X B B AT SR Ak BIR 5T Y RE ), fiE
BOEH N RAE . VSMC [ 357 A= A I 5 AT RS A
ZRLENE e G BEBR Y A A 45 0 TR e 5 | A AR
VEC 1819 i5 8 FBURL A S AE 40 MR A As AR
JEET S ARV S 5 B AR AR R S8 RE B AR
S I 2 9 5 A B B 7 A e
1.1 BERA#HEE

As IR T % B2 B8 5 H (low density lipoprotein ,
LDL) 7E NN iy B 5 A e, S P R % 2
B 1 (oxidized low density lipoprotein, ox-LDL) i
S VEC 40 o 5) 25FfH93F 1 (intercellular adhesion
molecule-1,ICAM-1) A48 ZH I ZE > T 1 (vascular
cell adhesion molecule-1,VCAM-1) 33k, A5 20
JHLIEE 2 P RSO A A R A L, 3K 2 W A4
AT AR FR AT A AL BN B I 2 1 2 4K 1 (lectin-
like oxidized-low density lipoprotein receptor-1, LOX-
1) KA ox-LDL, 12 B VR 20 M, 44 B BRE Bl it
Bl R0 A TS R, IR E A E
(apolipoprotein E, ApoE ) 143 [K 22 25 P i 35 52 i 52
WAL : ApoE4 3 iz 3 i LDL s B 41 2 BEHUIE 1,
1M ApoE2 18 i M 5 — Wi IR IR H 45 & & iz 1k Al
( ATP-binding cassette transporter Al , ABCA1) /i §
f1 AL FET S I & A A P A T (AT R
AR BT i R E HIF-1o, 701] ABCAL 3k, &

BB AN A i A A
1.2 EBMRESREHE

As PR PERAEIR T RS2 1 S e 40 i 5 i 4 2
MR ShASEANE, MR AETE VEC R HZE 2> T
(ICAM-1 Fl VCAM-1) /3 FIRIEE NS, 7L
WG A0 6 I 75 0 ox- LD, T B 0 < 200 i, 449 ok B5F e
g R 0T A e AR e Dl 4B B B 5 e R
FE HIF-1o R R AE , AN 5 4% A F kB ( nuclear
factor-kB, NF-«kB ) P} [6] 4 i NOD #EZ (K& 1 3
(NOD-like receptor protein 3, NLRP3) % i /MA L fig
PEEA0IA 2 1B (interleukin-1B, IL-18) A1 IL-18 1Y
JRAFIREIA 38 W] FHESE & IL-1B | IL-6 i I8 5K
F o ( tumor necrosis factor-o, TNF-a ) 28 3£ K J2 3/ T
B SR ST I TR 4T 2 P 1L-10 Rk, AT
R 5l B AR A AR e M1 AL AL 20

/IR 3k JHE % T 32 A48 2 1 Ib- ( glycoprotein
Ib-a,GPIb-a) 5 VEC Y P 3E#% & ( P-selectin) & P
PEPERBE R A FCAA 1 (P-selectin glycoprotein ligand-1,
PSGL-1) M E AR, 51 % — R UL J AN . B
F LR TR PR R DA SR A A0 0 TR B A
BRF A1, 1t/ 4306 I /N PR 4 (platelet factor 4,
PF4) W58 E WL X ox-LDL AYBEECEE I7 . RIS,
I/ A R I /s B R A= K B ( platelet-derived
growth factor, PDGF) , 3X Zfj VSMC 1% 3% 5 A1 iE 5% .
WA, i INHR BRAZ A0 T 1Y) 525 00 e e e £
RN 20 i S8 389 (extracellular vesicle, EV) | i — &
TR BEY S AE S 222

B 2R 20 it ( dendritic cell, DC) i i 5 3% ox-
LDL HLJF S T 4084, Fe b Th 4053 W+
PLE v (interferon-y, TFN-y ) Jil il KEBR 5 i, 1M 3 55
P T 4B (regulatory T cell, Treg) Wi 1L-10 F%1k
HKHF B (transforming growth factor-B, TGF-B) #
it BE B I NP, B A Y T BE SR B
S, b B 458 5 Jr WAHT ox-LDL HUiK & 4
TRYVEFT I B2 206 DI 30 2 0 (1 af 2 (A
RS, HIF-1o 38 15 545 56 2 300 i 41 i ( myeloid-
derived suppressor cell, MDSC.) 71 [ 988 #H 5 5 I 41 ffd
(tumor-associated macrophage , TAM ) #l1iii] CD8" T 4H
LA A SRR AR DO RE , W) B8 S A A i
FERFPEFET-ECAA 1 (programmed cell death ligand 1,
PD-L1) IS 3 S BE bt , 3 M G5 400 il B B4 85 ik
38 3 43 Wb s A I F R 4K 2 (C-C motif chemokine
ligand 2,CCL2) .CCL5 F CXC H: 5 #a1k K 144 1
(C-X-C motif chemokine ligand 1,CXCLI) ey as
5 A BT S S 0 A A A % BRZR  [] B B i i 9
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Pk e 20 M i )
1.3 SR

AR N B0 35 M 4 (reactive oxygen species,
ROS) i3k & 77 A 76 N 2 D RE BB A As &I B
il g B XL EZEMAEMY . ROS MK & A hli ff
LDL 8464 ox-LDL J-89% 5 Wi 40 i 75 e , T2 Rt TRk 40
M, AL As BEBRAYAZ.O B3 . ROS A LA NF-kB
S5 YSRET I A HE TNF-o Fll TL-6 25 48 0E N 1B,
[ 8 ICAM-1 Al VCAM-1 %5 25 [ 20 7 %k, 12
i ERLAZ A0 LR O O 3 T 22 A P R, T 1 1 4R E
EREE ™ ROS R IR VEC MM E A (W
VE-cadherin) , ¥ i L5838 375 P | 412 U505 5 AN 98 0 4
MR ZE N, ROS 3R] As HER I ) — SR 2R
Foe SR A ok RO P g o AR AR B B R SE T i — 2P
TR PRz 3850 | SR S g BB AR A e

2  HIF-lo ZESIBKHHEEL R 9ER

AL AN L 5T 5 1R 5 1 R 5 BOBE B N 3 kA
DRI B, o 2 7 3 k4 B 1 DX J
T YU gE R WK TE As BRI, HIF-
loo B TGP A B W2 e |+ B o L o A e
SRR A IX 8, HIF-1a 1 35 35 5 42 1 4 A2 B R 7
VEGF RAR 48 T IL-18 S YA ) 9f Hik 55
BB Y ot A0 BE R P O A5 AR RA SR BRI
SHINE % 1 (endothelin-1, ET-1) [ 518 ¥ 48 i
PIAEAE B IR G, I HLAEAE T BB A8 ) 4 L 1 By
BL 7EMEI) As AR ET-1 (938 A B 40 i A
NIRRT ON i AR v 7 = 7 N (1ANY 1)
T FIER A LA R I /AR 5 P B i) 60 BEE o ] 1 4R A
AL KOG 7 BT T 2, HIF-1a 200 VEC 1
AT IE K, XT VSMC 389 58 RN 03 40 i i 28 e 2
TR As RO HR AL R
2.1 HIF-1a Xt B &40 AR

As BE Yo Py Bk S5 1R, He T AR R B
ABCA1 & —FhEZE R L% 1a 8 1, A3 1] T JIH [
ME WA HEH . HIF-1o BE BT 36 ABCAT 1
Feak, B 40 i Ah HE BB EE Y BE R AR
ApoA 1 7 IH [&] B 336 [ % iz vp 75 24 AR [ B2 27 44, B 7E
A0 A b A 3% 25t 32 B HIF-1a B9340, 18]
LDL Z AR EI /N A ML HIF-1o 56 H BB /N B
BHEG ,BE R HIF-1o (952 S350 5 W 20 i )
PR AR T M1 B 05 440 i 43 Akl 2D | 98 9 5 PR 3 3R B
K, /NERL As B 5

HIF-1o 5 B W40 B 1 58 5 S0 2% VIAE G, B

Z Bk (lipopolysaccharide , LPS) ¢ IFN-y i i # 3G
HIF-1oc (2 f WA ™ A e R S I, 7 20 TNF-oc Al
1L-6 ZE 4 R - DA S ifs A — S AL A& T (inducible
nitric oxide synthase, iNOS) 4= &' W 40 i
HIF-1o AR IE 2 FECAN I BT R 1Y M2 B34k, £
JE MM R T (40 1L-6  TNF-a ) B A S 50 12

1 As BEBR N, SRR PR E B W 4 i = A= TL-
18,1 IL-1R & — T JCEH (412 R A M A, 76 As 1Y
R R EEAE R, TEIE SRR, AR
REAS KA TL-18 RTIA (pro-TL-1B) , I Bk 48, T 25 A Ik
VEREPEZ A, Al pro-1L-1B JCIA B AT R i, 1 T 44
I0H AR P A, AR R B N AR IR 2 IR W),
NLRP3 S AE/IMATE F G40 30 Caspase-1, AT
i pro-1L-1 20 WA TSR TL-18, 5 KB,
BEABERENS 1 NLRP3 383K /K-, I I & 48 ik
Caspase-1 FIE AL 72 | #E 10 A SR TL-18 A9 B2
SR s AUk B 9T & B, A sh ok
FEREALSES ) TL-18 F % v T 5 & F 40 A 1Y
DI 171730k 28 X3 ] Fof 305 R S bR 75 ) (HIF-1a 1
OB 2) MG TR Y Caspase-1, 3X 3¢ B S48 3R 45
A 3 SR JRAE/MA T AL AN TL-18 22 B, INEE As 11
S BILHEFE
2.2 HIF-la Xt & F 75 AL2H B AR

TEHTAENIBE T, VSMC 3 106 ¢ it A 1 A At 25
5T T ISR 0 2T 4E 1R (8] sk S ] i b
VA B A5 2 A -6 A ST R T4 HE VSMC
g

5 05 400 1 % 2 410 il X1 ¥~ (. macrophage migration
inhibitory factor, MIF) & 4 i 9% 3K 2 W 1) b 3if¢ [H -+,
SEIMEEIRE As KAEMERICHEEY ) BE
AT HIF-1a ¥55 MIF Rk X — i # L 5
ROS F4) 7= A= F1 20 g 1 8 15 25 F 34 B8 (extracellular
signal-regulated kinase, ERK ) 19 3# i, 3t [6] fi2 #F
VSMC 7EBR AT T iiea

RILPR ¥ 38 % H SLC3A2 ( CD98 heavy chain,
CD98hc) /& HIF-1a BYAEEEDH , BEAEHE VSMC #3458
IR ,CDI8he T VSMC H B IAAT B THE U &
SEASE A BT, MTATBELAS A2 T B

BRAEGH AT HIF-1o FIZCRLAR IR ROS AKHSTT
LiFEF VSMC B 434k, DT A2 3E 1 2 45 16
HIF- 1o f& 2R RIS e S IR T Runt AH SCHe 5%
[A-F 2 (Runt-related transcription factor 2, RUNX2) Fll
Y Yo AR B B 5E X (sex-determing region of Y
chromosome , SRY ) -5 % 5% K 9 (SRY -box transcrip-
tion factor 9,S0X9) [R5 , #E Mg HF5 &K (osteo-



CN 43-1262/R " [E sh ki1 225 2025 4256 33 550 12 ) 1095

calcin, OCN ) 158 V£ B FR B ( alkaline phosphatase ,
ALP) 1k, S8 As BEBRABALD
2.3 HIF-la X MIE M K4 EIEE

VEC 38 525 5% Wl 1387 5K 07 | 48 5 40 M A9 3£ 48 2
SAHML IR 5 09 77 A= | 5 B B R 1Y) 2 R il A4 2
e, EERFIMAS RS T A R EER D, LA ST
% VEC F22 , 5 3l UM OC 76 5 7 1 380, DA
41 At PR A A K PR B R

AL R A 5 0 PR AN S T BB SR A 1) VEC
BB, S35 B W A A AE Y B2 R ) BR AR SR AR 2k
As AL L, 7E VEC 1, ox-LDL T804 L w5 A5 TR
(lysophosphatidic acid, LPA ) A= i, LPA i 1 [
CXCLL Y235, 14 i ek 240 i i 6 BFF 0, R &
B, M IMUAE S 5 ox-LDL AT 42 9 LPA L8 VEC
HIF-1a [ % 35, J5 # 8 i fih & miR-19a 9 5 1
CXCL1 Rk, 2 #F B A% 40 i 2 B, DA 3 As 1)
Eﬁz[ﬂj .

VEC LN AR 15 S TNF-a f3RIE, if—
AR HE VEC KK ROS B7=A: Il iNOS By ZRs™
HIF-1a 5 NF-xB JE BUE SRR Bhla] e 42
T (A A 1 IL-18) |, IR SR 4 0
RN, REWHFFEFRI HIF-1o0 7] 8 [ 38, 0 H 2
ROS JIrifs T, LR AR A BN UK 1A% A, 7E
BRI N2 £ 8 ROS, M1 2 5 48 % HIF-
la MR REPEDS

ROS A AT 38 52 HIF- 1o fi 35 98 i 40 i H - Y 25
ik, HAZANRE AL A ML R g S 4 e A AR
BEAY | T BARME WA 7= 2k ATP, 5 B0H 24 5 5
BN 2 R AR 48 AL B 2 1L (oxidative phosphorylation,
OXPHOS) # /b , 33 X F— 2L R PR - 41 TL-18 1Y 3=
KRARTI Y, bR OXPHOS (92> 5 3055
MR AR R | J5 4 bt )5 8% 3% 302 It S ( succinate de-
hydrogenase ,SDH ) %A fk., iX — i FEAKZ) T ROS 1K
e SRR T HIF-1o, f23F TL-18 AYFEIRDT

£ VEC N, tH P B 7 — S AL & & 1 ( endothelial
nitric oxide synthase,eNOS) i fb.2E B NO, g3l i
KR IMAEEF 5K P/ R A 3 5858 F bt A ik
MIVER , 4ERF LA P R AR S Wiy, 7 S Pk R 8 5%
TFF,eNOS % A= i {1, % i A= B S| 1k ™
NO HIs e LDL 46K ox-LDL, 8% E Wi 41 i 7
W R T TR 0 M, SRS As BEFUIE B, NO A ik
S PEUMAE WA | 1 /INRCETE B R E T B,
BBk 24X, HIF-1o 7 fig i@ i 94 NADPH
A4k ( NADPH oxidases, NOX ) 8% 410 i #t 45 1k i
(anB ALY B AL B ) gl ROS A AL, HF— 2 &

eNOS fFEIK , i/ NO I HOREA I, FEME e b
AT HIF-1a 5 eNOS TIRE K JEIE B IE 53
5, INSH P B I RE R A AN B R
2.4 HIF-lo XHEBR ML E R A AR

MAE AU As BY—PEZRAE , U HE TERESR
HTR)Z , PR DA I T 3 45 A 3 B S 2 FR 51
A AR BR Y 2 AE 40 M A s 2805 oK 5 BUR BB AL 4R
AR, HIF-lo il /i G 245 R B 3k Al ik 3 Bk
DAL A I, A ET-1000 B0 4 Ja 26 11 ( matrix-
metalloproteinase , MMP ) "*' il VEGF'® | HIF-1a i
1 5 B4R B T (hypoxia response element, HRE)
Z54 FLHEMOE VEGF Fl VEGFR A% s, (2308 1M 45
T RGBSR VEGFR-1 M B4 i 84 K TR F
(placental growth factor, PLGF) 7E As H i FRAVE H
HMIE PLGF {7 P IR0 A 02 77 4878 4E T PLGF
= eI As™™ L HIF-1a R REA S E26 F41k
k1 (E26 transformation specific-1, ETS-1) B
ik, ETS-1 @2 #F VEC By HE5E K ) i 45 A5 a3 74
Al T LA £ RS, VEGE Rl ETS-1 4 Hid
RESESR XS 7 (19 235, P R 2 48 A i, SR, X
L 1T A5 A i R R L B R B R AN S R
SLH L, I 23— 20 IR He B ASEEE M I3 hn it
IR, IS, HIF-1a BT 75 S MMP [ fif B He
LR AENE R IR RS, RIS 7E As HERR T BRARE 2
FEE LA VEC A1 VSMC 15K 3, iF— 4
Hl g5 B AR T

RILRG G T RS I HIF-1a 78 As TP
YEFAMLEI, BiE05 2 0 SN HGE 1275 eNOS 7
TR NO A= B, [RIBE0E LOX-1 £ i 5 4 it
P ox-LDL, IR P K2 40 i Ty B B A5 R 8 i 52
HIF- 1o 78GRI 8 3 1R, il A F VEGF
() 2R IR K By JHLE 1045058 A2 . HIF-1oc 38 38 2o 8 2
5055 200 AR Ak F MIMP 3305, T 38 B e & 4 g 73 il
FIRTERZ YK, e A AR PP E F 3, X
BRI R T HIF-1o /E N EHEEG S5 As JER
(RIS F- 49 s, A ) PR 95 HIF- 1o {5 538 MR YT
As $RALT BISIKE
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